Abstract-This paper discusses an international intercomparison of electric field strength at 100 MHz. Laboratories in four countries participated in the intercomparison. Measurements from each of the laboratories fell within a range of +0.75 to -0.5 dB with respect to the overall average. The transfer standard used in the measurement is described and the details of the results are presented.
standard to set up this unknown field and then proceeded to measure the field using the techniques employed at their laboratory.
The standard consisted of a half-wavelength open-circuit center-fed dipole and a high-impedance RF voltmeter similar to that described by Greene [I ] as shown in Fig. 1 . This design was employed because the effective length of a half-wave horizontal dipole is relatively independent of the height above the ground as long as the antenna is not closer than a small fraction of a wavelength. In addition, the use of a high-impedance RF voltmeter makes the measurement essentially independent of the effect of antenna output impedance as a function of height.
The standard was constructed in such a way that the voltmeter diodes were easily interchangeable. In order to assure continuity of the experiment, four color-coded diodes were included and each participant performed his measurement with each diode. In addition, two diodes were retained by the pilot laboratory to serve as check standards. The diodes employed were high-peak inverse-voltage Schottky diodes which were manufactured in a specially prepared ceramic package and have proven to be very stable and rugged.
The dc voltage from the detector was brought to a voltmeter by a high-resistance carbon-impregnated transmission line. This line is essentially invisible to the RF field and as a result will cause no perturbation of the field.
The voltmeter was a battery-operated digital voltmeter having an instrumentation amplifier as an input stage. The input impedance was greater than 200 MQ and a driven guard U.S. Government work not protected by U.S. copyright terminal was provided to allow a high degree of common-mode rejection.
It is estimated that the transfer standard allowed a field to be produced that was within +0.5 dB of the nominal value.
MEASUREMENT TECHNIQUES The transfer standard was mounted at a height of approximately 3 m above ground. The transmitting antenna was located from 9 to 20 m from the transfer standard and was adjusted in height to produce a maximum in received signal strength. Measurements were performed at two separate distances and on each of two days. The measurement was repeated with each of the four diodes provided.
After the transmitted field strength was adjusted to produce an indicated reading on the transfer voltmeter of between 95 and 105 mV, the transfer standard was removed and the measuring antenna of the participating laboratory was put in place and the unknown field strength was measured. A correction based on the known characteristics of the detector diode was then applied to the measured field strength to account for the difference between the actual reading on the transfer standard and a nominal reading of 100 mV. Specific details of the measurement equipment for each laboratory is given in the following subsections.
NBS (USA) Description
The system employed at NBS was similar to that described by Greene [1 ] and, in fact, to the transfer standard itself. The major difference is that the diode employed as the detector must be calibrated as an RF voltmeter in order to determine electric-field strength. The estimated uncertainty for the technique is + I dB. The range of transmitter-to-receiver distances is of the order of 12 to 16 m and the intervening earth may be described as dry rocky clay.
FTZ (Germany) Description
The measuring instrument employed at FTZ was a commercially available VHF-UHF field-strength meter which used a log-periodic receiving antenna. The total error was said to be less than +3 dB. The antenna measurement range distances were 15 and 20 m. The intervening ground was dry and sandy.
IEN (Italy) Description
The measuring instrument employed at IEN was a commercially available noise-and field-intensity meter. Three different tuned dipole antennas were employed. The antennuation of the coaxial cable used to connect the antenna to the field-intensity meter was measured and the voltage at the input of the field-intensity meter was determined by the substitution method using an RF standard generator.
The accuracy of the measurements was evaluated to be 1.5 dB exclusive of the error of the antenna coefficient. The antenna coefficient supplied by the manufacturer, for which no uncertainty was stated, was employed in the calculation of the field strength.
The separations between transmitting and receiving antennas were 13.9 and 16.9 m. The ground surface was dry on the first day of measurement and wet on the second day of measurement.
TUW (Poland) Description
The measurement technique employed at TUW was similar to that described by Greene [1] . The diode employed in the detector was a hand selected 1N82A. Overall uncertainty was estimated to be +0.5 dB.
The separations between transmitting and receiving antennas were 9 and 10 m and the intervening ground was dry.
RESULTS AND DISCUSSION
The results are given in Table I and also illustrated in Fig.  2 . As can be seen, the results tend to agree to within the specified uncertainties. However, several comments based on an analysis of the data can be made.
We first note that the results for the second measurement performed at NBS, as well as that done at TUW, are somewhat higher than those obtained in the other measurements. Several possible causes for this change were investigated. Since the dc voltmeter was calibrated against an independent voltage standard at each participating laboratory, a variation in its calibration can be ruled out. The calibration of the detector diodes was checked and no changes greater than i 1 percent were found. Further, the two check standard diodes were not observed to give different results than the four which were used at all of the participating laboratories. A final possibility which was investigated was the possible effect of humidity on the resistance line, perhaps by causing a shunt resistance which would have reduced the voltage read by the voltmeter. To investigate this possibility, the characteristics of the line were measured at approximately 25-percent relative humidity and again after the line had been subjected to approximately 55-percent relative humidity for a period of one month. No changes were observed. In particular, in each case, the shunt resistance was greater than 100 MQ. Shunt resistances this large will have no effect on the measured voltage.
It was decided to continue the measurement series since the observed shift was not large compared to the overall uncertainties expected for this type of measurement. We note that the measurement obtained at TUW agrees with the second measurement obtained at NBS.
When the instrument was returned and recalibrated, the results agreed with those obtained in the first three measurements. The question remains whether the transfer standard did shift characteristics and back or not. Further, if a shift did occur, is it most reasonable to compare the TUW measurement to the first three, or only to the second NBS measurement? An explanation is not apparent and we limit our discussion to reporting the details.
A statistical analysis of the data was performed to discover any effects on the measurements due to either the particular diode used or to the transmitter-to-receiver distance. Based on a restricted subset of 16 measurements obtained at each laboratory, no significant differences could be observed between the various diodes. Further, results obtained including the check diodes retained at NBS revealed no discrepancies.
This result is to be expected because of the uniformity and ruggedness of the diodes employed.
A one-way analysis of variance for the data for each laboratory revealed a statistically significant variation with distance for three of the measurements at the 0.005 level or less. At FTZ, the measurement at 20-m separation produced results which were 7.4 percent higher than at 15 m. At IEN, results obtained at 14 m were 6.4 percent higher than at 17 m. The second NBS result was 1.6 percent higher at 15 m than at 18 m. The results at FTZ can probably be attributed to the fact that the antenna employed on the field strength meter was a log-periodic dipole array which would have had a different sensitivity to the ground reflected wave for the two geometries. In this connection, it might be well to note that there are difficulties in interpreting field-strength measurements obtained with directive antennas in complex field environments. We note that near-zone hazard field measurements are often made using the so-called "isotropic" probes; antennas consisting of three orthogonal dipoles with the addition of received power rather than output voltage. All other laboratories employed dipole antennas. The oneway analyses for the other three cases revealed no statistically significant distance effect.
Since engineering aspect and the factors discussed here were of prime concern, a more complete statistical analysis was not performed. Flexibility that was allowed in the measurement procedures in each laboratory would have dictated a rather complex statistical analysis with limited returns.
